This paper investigates the potential problem of 'pseudo-exogenous' instruments in regression models. We show that the performance of Hausman test is deteriorated when the instruments are asymptotically exogenous but endogenous in finite samples, through Monte Carlo simulations.
I. Introduction
When there exist endogenous explanatory variables in a regression model, the least squares estimator fails to achieve consistency. To identify the endogeneity of the explanatory variables, Hausman test is widely employed. Hausman test works pretty well, but it is not free of problems. Meepagala (1992) shows that the power of Hausman test decreases as the sample size becomes smaller. Staiger and Stock (1994) show that 'weak' instruments weaken the power of Hausman test. Wong (1996) proposes a bootstrap procedure to improve the finite sample properties of Hausman test when the instruments are weak. This paper identifies another potential problem of Hausman test. When the instruments of IV estimation are correlated with the error term of the regression, although the correlation converges to zero eventually, the finite sample performance of Hausman test becomes seriously deteriorated.
Let us call such instruments, which are asymptotically exogenous but endogenous in the finite sample, 'pseudo-exogenous'
instruments. Pseudo-exogenous instruments, of course, do not affect the asymptotic distribution of Hausman test. However, as we will show through a series of Monte Carlo experiments, the empirical sizes and powers of Hausman test could be considerably inaccurate in finite samples. Especially, we will show the empirical power function of Hausman test actually 'collapses' in some cases.
One of the most popularly used instruments is the fitted value of the endogenous variable from the reduced form regression. This so-called 2SLS (two-stage least squares) is widely used as it gives a proper instrument. Such a fitted value is by construction a pseudo-exogenous instrument. The correlation between the fitted value and the error term is asymptotically zero, but may not be zero in finite samples.
II. Hausman Test with the Pseudo-exogenous Instrument
Let us consider the following model.
where is an ( ×1) vector of explanatory variable, is an ( ×1) vector of error terms, and is an ( ×1) vector of dependent variable. Suppose there exists an ( ×1)
vector of the instrumental variable, z . We are interested in testing : "x is exogenous" against : "x is endogenous." By a similar derivation as in Bound et al. (1995) , it is straightforward that increases, however, zu s converses to zero (i.e. the instrument becomes exogenous).
Thus, z is a 'pseudo-exogenous' instrument. The correlation coefficient between x and z, xz ρ is set to 0.7 so that we can avoid the so-called 'weak instrument' problems. Four alternative sample sizes are considered: 20, 50, 100, and 500 for comparisons. The ulation has been performed 1,000 times. 
IV. Conclusion
While the problems of 'weak' instruments in IV estimation have been thoroughly studied 3 , the problems that 'endogenous' instruments may create have not been studied to a great extent. This paper examines the effects of 'pseudo-exogenous' instruments on
Hausman test in finite samples. We show that the size and power of Hausman test could be very inaccurate in finite samples when the instruments are pseudo-exogenous.
Researchers need to be cautious about the exogeneity of the instruments when they use IV estimation in practice.
